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Aging of Farm-Cured Hams
As Affected by Method of
Cutting, Curing, and Smoking

Since 1950 a geat deal of research has been conducted on the curing
and aging of hams by farm methods. This work was initiated be-

cause of serious spoilage in country-style hams. It has been estimated

that 50 million pounds of cured

States alone (20).2 Just how
failures and how much is due

meat is lost annually in the Southern
much of this loss is due to curing
to unsuccessful aging is not known

(12). Certainly, inadequate curing could lead to unsuccessful aging;

and that poor aging probably

increased use of freezer storage

contributes to spoilage is shown by
or refrigeration for cured hams (4,

20). Althou%h the use of refrigeration may indicate a preference

either for mi1

dly cured ham or
8‘35 ), it is also believed to show

or the flavor of freshly cured ham
the uncertainty of successful aging.

ne has only to read the proceedings of the Reciprocal Meat Con-

ferences?® to learn that storage
perennial problem for extension

This publication summarizes
lished early work on the projec

experiments on smoking, curing,

of hams under farm conditions is a
eat specialists.

the results of published and unpub-
and reports the results of additional
and method of cutting hams, in-

cluding chemical and organoleptic analyses and bacteriological

studies.
REVIEW O

In early work on this projec
the meat-curing methods

ported by only 3.2 percent o

1This publication reports aspects o
begun under the Research and Mar
the Meat Laboratory of the Easte:

EARLY WORK
, Dunker and Hankins (6) surveyed

employed by farmers. Spoilage was re-

the farmers reporting. However,

a long-time research project on ham curing
eting Act of 1946. The work was done at
n Utilization Research and Development

Division, Beltsville, Md. Many persons contributed to parts of the study and

the authors particularly wish to ac

Melvin D. Fields, John A. Alford, George T. Currie, Felix C. Ross,

Bollinger.
2 Jtalic numbers in parentheses ref
3 proceedings of the annual confe
by the National Live Stock and Mea

owledge the assistance of Nina B. Hess,
and Nevin C.

to Literature Cited, p. 20.
nces are published in mimeographed form
Board, 36 South Wabash Ave., Chicago, 1.



MATERIALS| AND METHODS

Data are reported for 318 hams cured and otherwise processed. The
hams weighed an average of ahout 16 pounds and, except as noted,

were short cut (square cut). They

were from hogs of known history.

e organoleptic sample was obtained l’i}r removing a 3-inch cut

adjacent and parallel to the aitich

aluminum foil and baked to an Internal temperature of 168°
oven temperature of 257°. After th

bone. This cut was Wragped in

.atan
the ham had been chilled in the

refri%erabor, slices were tested ags described by Weir and Dunker (23).

The following scale, in which the larger scores indicate greater salt
intensity and desirability, was used : '
Score - Salt intensity Flavor desirability
5 Promownced..__________._ Very desirable.
- 4 Moderately pronounced. |_________ " Desirable.
3 - Slightly pronounced..___ ] 77777777" ~- Slightly desirable.
Perceptible . _____ “"TTTTTT T e Acceptable.
1 Impereeptible -_2 7" 7717 TTTTTTII Undesirable.

Chemical studies were made on composite samples of lean and fat
by the methods used by Fields and Dunker (8).  Determinations of
salt distribution were made on dissected semimembranosus, vastus in.-

termedius, and biceps femoris and

other muscles (fig. 1) taken from

slices removed adjacent to the organoleptic sample (7 ).
Bacteriological samples were taken, examined, and evaluated as
described by unker, Berman, Snider, and Tubiash (7).

F16URE 1.—Muscle Segments in eross-section slice of a ham ; (@), Semimembrano-

.8us; (b), adductor; (c), vasius media

lis; (d), 3emitendenosus; (e), biceps

Jemoris; (f), vastus «intermedius; (g
lateralis, i

7), rectus femoris; and (h), vastus
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TasLe 2.—Comparison of hams cured by typical farm methods and stored wnder warious conditions

Gain (+) or loss (—) during— Salt- Desirability
Method of curing, storage temperature, and time 1 Free fatty Salt moisture Salt of flavor of
acids ratio intensity lean
Curing Smoking | Conditioning | Storage
WusonmucBUom plus brine-cured: Percent Percent Percent Percent | Percent | Percent Score Score
Control (no storage) 2. - - eecoeeeue_. F90 9 | eem 0.8 3.9 1:17. 8 |ccmeee | ——
‘Stored at 70° F. for—
. F5.9 ol —10.6 5.6 5.8 1:10.8 1.8 1.0
8 weeks._ _._.___ e —————— 4114 | eemeeaas —5.4 4.4 7.0 1: 9.0 1.8 1.3
ok 2 P! I —5.9 4.7 6.7[1: 9.3 1.8 1.0
F9.8 | —25. 8 9.2 8411: 6.7 |ocuue- - 30
F9.5 |e el —15. 4 83 9.1]11: 6.4 ... 0
6 months. . ____.._____._ —————— +11.8 |l —14.9 13. 7 84 (1:6.9 | 0
+47.6 L P —22.1 1.4 7.511: 7.5 2.8 2.5
- +9.7 =18 oo —24.5 1.8 9.4|1: 5.4 2.8 2.5
. | +7.9 {1 R P —23.2 1.3 81|1:6.7 2.8 3.5
Control (no storage) 2. __________. +8.6 L3V PRI I "1.3 45 1:14.9 2.1 3.7
~ Stored at moo u, moa.wéwmw% ........ +6. 4 =Ll _____: =16 2,2 451 1:14.2 2.3 3.9
+5.7 =17 | —19. 4 10.7 6.2 11 88 2.2 1.6
Stored at 70° F. for 6 months_._._.__ +7.3 =39 |ceeeeea —25.9 7.5 7.8 1: 7.1 2.4 2.0
+8.1 Tl () P, —22.9 10. 2 87|1: 6.2 2.6 2,8
UQ-QE.& and stored at 70° F. for— ) : .
1% months. .- ccceeeao m——————— =32 ||l —12.1 6.7 5.9 | 2.3 3.5
2months .. Lt 2 2 P S —12.7 3.1, 6.0 e 1.8 3.0
2 months. - - ool et N N S —11.2 3.8 6.6 |- 1.8 3.8
dmonths . S L O —14. 6 5.6 6.9 [ccocanas 1.8 3.0
3% months. __ . ____________ IMM .................. Immm me w.w ........ w.w ww
hamatie N O [ DU PR - - e &y . m IIIIIIII . o N
4months. oo e e -133) 102 401 0,
=3 8 | —19.1 (... N 2.0 3
4% months. - oo - IO —18.5|.21700C 6.6 | - 2.2 2.3
Smonths_ L __ =2, 3 e —16. 1 | oo 4.8 |aeccaaan 1.2 L5
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AGING OF FARM-CURED HAMS

before aging storage, Hams dehydrate very slowly, and it is im-
ractical and inadvisable to dehydrate them under forced conditions
such as heating (12) (table 5).

In dry curing, the metho preferred by most farmers salt that
should be absorbed falls off or is drained off by exuding fluid. The
method is simple and rapid, and the shrinkage that occurs during
curing is advantageous as & preparation for aging storage. However,
shrinkage during dry curin would not seem so important when 2
winter-long period is available for conditioning. It hasbeen reported

.

that salt equalization is more rapid in dry curing than in brine curing
(19). As shown in able 6, after 63 days in brine at five concentra-
tions, the salt content was still dangerously low in the biceps femoris
muscle at all concentrations. ' o

In another study (table 7),hams cured by three brine-euring formu-
las were compared with dry-cured hams. All were processed and
aged under conditions ap roximating those on the farm. :

‘Hams were brine ¢ redp for 4 days per pound by one of the formulas:
8-8-2, 9-8-2, or 10-8-2 (pounds salt, pounds sugar, and ounces ni-
trate). The brines ontained 10.12, 12.5, and 14.0 percent of salt,
respectively. The 10-8-2 formula brine had a salt content equivalent
to the 8-2-9 formula 71° brine. These hams were compared with
hams dry cured with 8 pounds of salt per 100 pounds of meat (8-8-2
formula) for 2 days| per pound. The amount of sugar used in these
cures was unorthodox, but Brad and associates (2) have reported
that sugar has no significant e ect on the quality of aged hams.

Table 7 shows that salt distribution was better in hams dry cured
and conditioned 43 days before smoking than in hams brine cured and
conditioned 18 days before smoking. Results of a 4-month condi-
tioning period followed by aging 4 months outside in the summer,
with or without smoking, or by aging 4 months at 70° F. are sum-
marized as follows: ,

Hams cured in 14-percent brine (10-8-2 formula) were best over-
all. They had the best average and narrowest range in desirability
of flavor and the lowest salt-moisture ratio. Hams dry cured and
those cured in 12.5-percent brine (9-8-2 formula) ranked second and
were similar to each other. Dry-cured hams were better than those
cured in the strongest brine (10-8-2 formula) only when the 4-month
conditioning period was omitted. The 10-8-2 formula brine was
the same in salt content as the 8-8-2 formula 71° brine, which is com-
monly used and is ¢onsidered comparable to dry curing in 8 pounds
of salt per 100 pounds of meat. These results indicate that salt
absorption may be more uniform in brine curing than in dry curing.
However, sufficient (time for salt equalization and shrinkage must be
permitted. ‘

A frequently used method of speeding salt equalization is to pump
brine into hams by stitch pumping before applying regular curing
procedures. An experiment (table 5) was conducted to compare (1)
brine-pumped plus brine-cured hams and (2) brine-pumped plus -
dry-cured hams with dry-cured hams.

Two lots of hams were stitch-pumped with saturated brine (8-2-2
formula) to a gain|of 6.25 percent in weight by a modification of the
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TasLe 4.—Efect of increasing salt content in dry-curing formula on keeping quality of ham

. | Conditioning at 38° F. Salt in muscles
Time : ‘Desirability
Dry-cure formula t in Shrinkage during | Salt of flavor m
cure aging for 4 months Outside, Center, Bottom, of lean =
Days Shrinkage semimem~ | vastusin- biceps . =
branosus | termedius | femoris .
=)
Days | Number Percent °F. Percent | Percent | Percent Percent Percent Score nnm
30 45 1.0 70 22, 4 5.7 3.7 4.0 3.6 0 N
30 45 14. 2 60 23.7| 43 3.1 4,2 3.4 3.1 =
6-2-2 30 45 14. 3 60 24. 3 3.5 3.5 4 4 3.5 0 - M
haltaeinibiniint 34 35 10.1 ® 21. 2 6.5 6.5 7.3 6.7 3.0 -
34 35 1.7 70 25. 4 6. 8 6.5 7.7 7.7 4.2 L
34 35 12. 6 70 26. 0 7.6 81 9.5 8 4 2.8 ~
: =]
Average. .. .. e ———m————— USRS FENCURNPRRU PR JUUR PUPUEPURN FRIUIVRUVEN SR S 6.2 feomeeean 2.2 &©
| 37:3 11 VNS UUIVIPUUIPIPISUURPN FPIPOUPR FONUUPCEUNPUE MRVIVUIVRHP JPIPI PRIV A emmm—e]e—— PPN PO 4,2 °
o
30 30 154 70| 26.8| 3.5 3.4 4.3 3.1 0 =]
30 30 15.9 70 27. 8 5.0 3.6 4.1 3.4 2.5 M
8-2-2 30 30 13. 3 60 29.3 7.4 55 6. 5 5.7 3.0
SoTTmmsmssTsmosssmess et 30 30 10. 7 60 23.0 70 5.3 55 5 2 3.8 m
41 28 13.9 @) 28. 9 9.2 9, 81 11.0 10. 1 2.7
41 28 160 70 2351104 10-8 118 10-9 3-8 W
CAverage. oo ece e emmeee SRR SR . S N SRR FUR A N . 2.8 m
Range.._ ... ————————— SO RRRR (RPRRRPRPR RRRP RN R, R, B mmmmmemaf————— 3.8 &
30 30 89 70 16. 9 6.3 4.9 5.1 4.1 2.4 m.
45 40 14. 2 60 25,9 6.9 5.6 6.8 5.7 35 o
10-2-2 48 21 13.2 @) 21.2 | 12,7 9. 8 10. 4 10. 2 3.5 =
................................ 48 21 14. 8 ®) 21.9 ] 10.7 11. 7 7 10. 4 4.2
48 21 13. 6 ®) 27.1 112 10. 4 11. 4 10. 9 3.8
48 21 7.1 70 181 6.9 7.3 7.7 6.8 4.2




AFING OF FARM-CURED HAMS

Outside muscles Center muscles Bottom muscles
Salt in brine (percent) !

Moisture Salt Moisture Salt Moisture |  Salt

Semimembranosus Vastus intermedius Biceps femoris
Percent | Percent | Percent | Percent | Percent | Percent
................... TULT5 || 74.60 || 74.49 |o____.
5. 28 67. 78 3. 38 71.70 1. 25 70. 97 1. 07
10. 56 . 74. 40 4.10 70.13 2. 47 72.25 1. 92
18.84_____ . 58. 99 9.19 62. 28 5.72 70. 49 2.70
2L 12 .. 56. 28 10. 34 63. 93 5. 80 68. 50 2.91
26.40_ 57. 69 11. 57 67. 01 5. 02 69. 87 3. 81
Adductor Rectus femoris Vastus lateralis
O Lo 75.57 |ocoooo__ 75. 67 |ocooo___ 75,76 |occee_
5 28 . 69. 98 2.75 72.75 2.20 72. 07 -1
10. 56 68. 04 5. 87 68. 97 5. 51 72. 36 2. 82
18. 84 ____ 65. 79 5.71 63. 83 8. 43 67. 87 5. 59
21,12 ... 62, 11 8. 02 63. 06 8. 73 66. 08 5. 30
26. 40 . 59. 17 9. 65 59. 20 10. 68 65. 12 6.
Vaustus medialis Semitendinosus
________ 72.57 oo
2. 34 65. 43 71
" 5.29 67. 97 2. 63
2, 87 66. 85 3. 64
8. 23 61. 59 5. 48
5. 69

10. 56 | 64. 08

. 1 All hams soaked in |brine for 63 days; 0, 5.28, and 10.56 percent represent
left hams from 3 animalls; 18.84, 21.12, and 26.40 percent represent right hams
from same 3 animals.

" method of Bitter.* [Four sites (sites 1, 2, 5, and 9) were used instead
of the 11 sites used by Bitter. One lot was then brine cured in 71°
brine (8-2-2 formula) for 214 days fper pound; the other lot was dry
cured with 5 pounds of salt (8-2-2 formula) per 100 pounds of meat
for 2 days per pound. These two lots were compared with hams dry

“cured with 8 pounds of salt (8-2-2 formula) per 100 pounds of meat.
This experiment was designed to make available the same amount
of salt for absorption and was based on the following assumptions:
(1) Dry curing by the method used results in hams with a salt content
of about 4 percent; (2) the amount of saturated brine used for pump-
ing would introduce|1.5 percent of salt; and (3) dry curing is about
twice as fast as brine curing. Results are shown in table 5.

Brine-pumped plus brine-cured hams conditioned for 8 days were
compared with dry-cured hams conditioned for 15 days. Salt distri-

*BITTER, H. L. PRACTICAL ASPECTS OF HAM CURING AS THEY AFFEOT QUALITY.
80 pp. (Thesis, Univ. Md., College Park.)



. TaBLE S.—Brine-pumped Plus  brine-

cured hams and brine-

pumped plus dry-cured hams compared with

ary-cured hams
Loss (=) or gain (+) during— Salt-moisture ratio in muscles
Desirability
Kind of cure of flavor of
Conditioning at 38° Smoking 4 | Storage 4 Outside, Center, Bottom, lean!
Curing F. before smoking days at | months at semimem- vastus biceps
120° F, T0°F. | branosus |intermedius| fomenss m
=

Brine pumped plus— Percent | Days | Percent | Percens Percent Score &
Brine ured.... . +9. 19 8| +6.5 |________ —————— 1: 87 o__.._|1:19 2.8 wm
Dry cured..__ 7177777 ——memccmmas -l +.70 151 —2.6 |___ S 1:13.9 (L_____ " 1:27. 9 2.2 %

Dry eured...__ 77 TTITTTIIIT e —5. 03 15| =71 (2200°C Sfmmmmmeee 1297 |10 1:27 2.8 ¢

Brine pumped plus— A m
Brine cured....____________ Semmman +9. 63 22 | 422 =195 | _____ sefmememeee 121007 | - 3.8 !
Dry cured.______7 777770 e +1. 81 30 | —4.3 —6.13 (._______ et T TN B B ¥, S I - 3.5 -

Dry cured.._____77777C —————— e —1.01 30| —6.3 | —8.75 .7 i EEEETS B £3 5 1 1 40 <

. =l

Brine pumped plus— . tn

Wﬁ.ua oEMQ ....... e e +._m% @w mm +3. wm Mw ww IH%. Mm w" m m w" m w W" m 5 ww N
Ty eured..._______________°°°° ————— .2 -—. —10. —19. : 8 : 8 : 8.4 .

Dry cured_.___ e L —2.22 30| —6.72 | —9. 5 —16.49 1 1: 8.6 1. 8 ¢ 17102 %m’
Brine cured__________________ —elieeeoo| +8.95 25 +1.97 | ____|—17 84 [1:49]1:860 1: 6.6 2.7 o
Dry cured..______" 77" dmbacma ~meceeeoo| 43,17 33| —38.73 |____°°° —15.81 | 1:11.9 | 1:14 1:16. 5 1.2 =

Dry ewred..._. . ZZIIIIIIIIITe —2. 82 33| —801 | ___°" —22.90 | 1:16:2 | 1:10. 3] 1:13.0 2.7 nvw

Brine pumped plus— : ]
Brinecured....______________ +14. 95 19 | +874 | +1.95 —13.7111: 56| 1: 53 1: 6.3 3.3 mv
Dry cured...___ 7777777 —————— 4. 94 27 —4.52 | —¢. 52 —16.08 { 1:13.1 | 1:13/ 9 1:14. 2 0 =

Dry cured.______ T -] —2.34 271 —6.90 | —9. 37 —19.12 [ 1:10.1 | 1:° & 8]1: 86 3.7 M

Brine pumped plus— : ) ) . M
Brine cured____.._____________ mmm——as +11. 15 24| —1.11'| —2.77 —13.88 | 1: 6.1 | 1: 7.6 1: 7.4 2.7
Dry cured.._.__ 2771 7777TTTTmmemome - +L85( 212 | —7 73 —8771-20.49 | 1:11. 9 1:11.7 | 1:11. 9 1.3

Dry cured....__ ZZI7T7TTIIIITTI oo -—--| —2.73 | 212 |—11. 49 —13.18 |—22.74 | 1: 76, 9/1:6.4|1: 638 1.3

! Brine pumped Plus brine cured: Average, 3.1;
dry cured: Average, 1.4; range, 0~3.2. Dry

Brine pumped plus
cured: Average, 2.7 ; range, 1.3-3.7.

range, 2.7-3.8.

2 Heated 4 days at 100° F. and 7 days at 103° F.



GING OF FARM-CURED HAMS

relation to the organoleptic quality of the hams. . Desirability of flavor

- of the fat showed remarkably close correlation with desirability of

flavor of the lean. | Although hydrolytic and oxidative changes take

lace in the fatty tissue (16), these changes are not believed to cause

ad flavors. The undesirable flavor appears to originate in the lean
tissue and diffuses into the fat.

Bacteriological Studies

Results of bacteriplogical studies were similar to those reported by
Fields, Dunker, and Swift (9). The relation of proper salt equaliza-
tion, salt level, and salt-moisture ratio to kee Ing quality indicates
that bacteria are a factor in the spoilage of age(f hams. However, the
role of micro-organisms in the aging of hams remains obscure. Total
bacteriological count showed no relation to palatability, moisture
content, or salt concentration. There was no correlation between sta-
bility and the large number of bacterial species isolated. Considerable
sampling error might be involved because of variation in locality of
activity. Furthermore, flora may change during storage and not be
representative of the condition of the ham at time of testing.

SUMMARY AND CONCLUSIONS

The experiments reported here indicate that much of the spoilage in
country-cured aged hams may be due to the wide variation in the
ability of hams to absorb salt. Consequently, where minimum quanti-
ties are used, some hams will have salt levels that will not sufficiently
counteract an abnormal predisposition to deteriorate. This is particu-
larly true for dry-cured hams. Brine pumping plus brine curing
seemed to give more uniform products. Brine curing was next. Re.
gardless of the amount of curing mixture used, it is essential that the
hamsbe held for a conditioning period at moderately low temperatures
to allow salt equalization. Shrinkage (drying) accompanies salt dis-
tribution and is particularly important in brine-cured or brine-
pumped plus brine-cyred hams and hams with dangerously high salt-
moisture ratios. Salt equalization and shrinkage occur naturally
during the winter months on the farm if the modern advantages of the
locker plant are not resorted to. Hams cured in the locker plant and
brought home in warm weather may not be properly prepared for
aging.

gSn%oking is advantageous since it tends to raise the general level of
quality. However, it{is not essential if the requirements of the other
factors are satisfied. o

The effect of the method of cutting ham remains obscure. Long-cut
hams appeared to be more stable than short-cut hams. It is not certain
to what degree the style of cutting might modify the importance of the
factors studied, and this requires further investigation.

Chemical analyses were made of soluble nitrogen, nonprotein nitro-
gen, free fatty acids, peroxides, and sodium chloride; and bacteriologi-
cal changes were studjed. There was no apparent relation between the
factors studied and the quality of the aged hams. '
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AGING OF FARM-CURED HAMS

AGRICULTURE
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TaBLE 8—Colmparison of long- ‘(md short-cut hams cured by
: A different methods

Loss (—) or gain (+) during—

Desirability
Cure, and ﬁaired cut Salt of flavor
Smoking Storage of lean
Curing | (2 days at | (4 months
120°"F.) |at 700° F.)

Brine-pumped plus brine-cured: Percent Percent Percent Percent Seore
Long-cut (ri ht)_ . ________ +10.5 |________ —17.9 6. 26 2.2
Short-cut (eft)________ "~ +12.3 |______°° —19. 8 7. 06 L6
Long-cut (ri B e +89 |_______ —24.2 7. 42 2.8
Short-cut (le ) e +9.5 |________ —20. 2 7.02 2.0
Long-cut (right)___________ +12.8 [ _______ —14.5 6. 99 3.8
Short-cut (lef ) I +12.2 [_____"°° —13.1 6. 77 3.6
Long-cut (right)___________ +10.6 [________ —18.2 6. 57 2.4
Short-cut (leff)___" 77" +10.7 (_____ 7" —19. 6 6. 97 3.0
Long-cut (right).__________ +11. 7 +4.8 —10. 8 6. 31 3.8
Short-cut (efth.________""" +10.0 +2.6 —13. 2 6. 14 3.8
Long-cut (right)___________ +8 7 —. 4 —17. 4 6. 02 2.8
Short-cut Qeft)_________"°" +8 5 0 —16. 3 9. 61 3. 4
Long-cut (righ)__.________ +7.1 —. 71| —19.5 9.4 3.0
Short-cut Qefty_________""~ +9.6 |________ —20. 3 8. 18 2.8

" Brine-cured:
Long-cut (right)___________ +1.0 (|._______ —16.8 8.6 2.6
Short-cut Qeft) ________ """ +.83 | —5.70 | —22 3 80 2.2

Brine-pumped plus dry-cured: .

Long-cut (right)_~______~__ +3.2 | —23 | —17.6 5. 53 2.0
Short-cut Qeft)_______"°°C +3.0 —3.0 | —17.4 6. 11 2.8
Long-cut (right)___________ +5. 49 —. 23 —9.4 ________ 2.4
Short-cut Qeft)) ______ "7 +5.3 —. 29 —9.7 | ___ 2.2
Long-cut (right).__________ +3.3 —1.9 —14. 4 83 2.4
Short-cut (left) |~~~ " 777" +L0 | —-72 | —219 81 0

Long-cut (right) . 8 +.30 | —10.4( 101 3.6
Short-cut (left)_ +3.5 | —1.74| —12 9 8.6 2.3
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